the United States, 116.2 in England and Wales, and 96.6 in Canada.' Data compiled from a number of surveys in the United States show that the annual incidence is approximately 100 to 150 per 100,000 people.' Following a stroke, patients usually receive intensive therapy to promote motor recovery and help them cope with their disability.
Reliable and valid measurements of sensorimotor status are required for clinical decision-making and research purposes. One measure that has been extensively discussed is the FuglMeyer evaluation of physical performance.* The Fugl-Meyer assessment was developed to assess physical recovery following stroke. It was primarily developed from the earlier works of Twitchell3 and Br~nnstrom.~ Twitchell examined the ontogenetic concept of motor recovery, through the assessment of sequenced reflex and synergistic patterned movements seen in patients recovering from stroke.3 Based on this recovery sequence, Brunnstrom identified six sequences of temporal, stepwise stages as a method of assessing motor recovery in patients with hemiplegia following stroke.* In addition to motor performance, balance, sensation, range of movement, and pain are also assessed by the Fugl-Meyer items, which examine volitional movement within synergies, partially out of synergy, and independent of synergies.
The Fugl-Meyer motor assessment includes items dealing with the shoulder, elbow, forearm, wrist, and hand in the upper extremity and the hip, knee, and ankle in the lower extremity. Reflex activity is assessed in the upper and lower extremities at the beginning and end of the motor assessment. Balance is examined in sitting and standing. Sensation, evaluated by light touch, is examined on two surfaces in both the upper and lower extremities, and position sense (lunesthesia) and range of motion (ROM) are tested on eight joints, four in each extremity.2
The Fugl-Meyer assessment, which consists of 155 items, is an impairment measure. Impaimzent is defined as any loss or abnormality in psychological, physiological, or anatomical structure or function.5 With the FuglMeyer assessment, each item is rated on a three-point ordinal scale (2 points for the detail being performed completely, 1 point for the detail being performed partially, and 0 for the detail not being performed). The maximum score that can be attained is 226. The maximum motor performance score is 66 points for the upper extremity, 34 points for the lower extremity, 14 points for balance, 24 points for sensation, and 44 points each for passive joint motion and joint pain. Joint pain is assessed by moving the joint through its available ROM to assess whether pain occurs at any point in the range. Fugl-Meyer assigned motor function scores to items that assessed motor function alone, with a total possible score of 100 points. Scores were grouped according to the various levels of impairment, which were as follows:
< 50 points =severe motor impairment, 50-84 points=marked motor impairment, 85-95 points=moderate motor impairment, and 96-99 points=slight motor impairment."
The properties of this instrument have been described by various auth0rs~,~-l5 (Tab. 1). Most of these authors examined the validity of the instrument. In the original study by Fugl-Meyer et a1,2 28 patients were assessed on five occasions during a I-year period following stroke. The mean correlation coefficient between the upper-and lower-extremity scores was .88.2 Other researchers compared scores from the Fugl-Meyer assessment with data from the Barthel IndexloJ1; a Bobath assessment'z; upper-extremity function testss; and tests for balance in standing, walking performance, and postural stability. 10 The correlation coefficients reported from these studies varied from .54 for the total score to .94 for the upper extremity, thus providing evidence of construct validity.
Studies to date have examined the construct validity of the Fugl-Meyer assessment in samples of chronically disabled patients following stroke. Less work has been done to determine the reliability of measurements obtained with this assessment. Duncan et all* reported the interrater reliability of motor performance in the upper and lower extremities and the intrarater reliability of all subscores and the total Fugl-Meyer score using four physical therapists as evaluators. The 19 patients in their study were more than 1 year poststroke, with a mean time of 51 months since the onset of their stroke. lntrarater Pearson correlations for each subscore and the total score varied from .86 to .99. The interrater Pearson correlations for the motor scores of the upper and lower extremities varied from .79 to .99. Because Duncan et a1 studied subjects who were chronically disabled following stroke, the generalizability of their results is limited to similar patient populations.
The study described in this report examined the overall interrater reliability and the reliability of each subsection of the Fugl-Meyer assessment, administered by three raters to patients undergoing active rehabilitation following stroke.
The purposes of our study were (1) to examine the interrater reliability of measurements obtained with the Fugl-Meyer assessment and (2) to determine the relevance of the assessment for clinical and research purposes. The specific aims of the study were to determine whether the FuglMeyer assessment is able to discriminate among patients when it is used to evaluate patients' motor recovery following stroke and to determine the magnitude of the measurement error for the total score and score of the subsections of the assessment. The a priori level of acceptable reliability among raters was set at an intraclass correlation coefficient (ICC [2, 1] ) of greater than .80 for the total score and subscores.
This study was pan of a larger study that examined the measurement properties of the Chedoke-McMaster Stroke Assessment.16
Subjects
Twelve patients consecutively admitted to the Chedoke-McMaster Rehabilitation Centre, Hamilton, Ontario, Canada, were each assessed by three therapists (see Tab. 2 for descriptions of the patients) on separate occasions. The Chedoke-McMaster Rehabilitation Centre is a tertiary care setting at which patients are treated on a daily basis by a multidisciplinary team. The average length of stay per patient was 10 weeks. Patients were included if they were less than 80 years of age, were less than 6 months poststroke, and gave their consent to participate in the study. 
Raters
Three physical therapists who had between 10 and 20 years of experience in stroke rehabilitation administered the assessment. They reviewed the original article by Fugl-Meyer et alz and designed a form to record the results (Appendix). Prior to commencing the study, the physical therapists discussed the assessment and tested three patients. Each therapist performed and rated one assessment while the other therapists rated the patient's responses. They compared their results after each assessment. Approximately 2% hours was spent in this preparation.
Design
The order in which the therapists saw the patients was randomized and balanced (equal numbers of subjects were assigned to the therapists). All patients were tested within one working day of the previous assessment (ie, theoretically, there should have been no change in the patients) and were seen on only one occasion by each therapist; that is, each patient was assessed by all three physical therapists on separate occasions. Assessments took approximately 30 minutes to administer. After the study began, the therapists did not discuss the results of the assessments.
Data Anaiysis
Descriptive statistics, including the mean and standard deviation for the total Fugl-Meyer score and for the subscores, were calculated for each rater and for each testing occasion. A three-way analysis of variance (ANOVA) was performed to test for differences between raters (three levels) and occasions (three levels). The third factor in the analysis was subjects (ie, subjects X raters x occasions). Differences were formally tested by calculating the F statistic and the associated probability value. The level of statistical significance was set at .05. Reliability was assessed by calculating an ICC (type 2, I), a random-effects model described by Shrout and Fleiss.17 Reliability is defined as the ability of an instrument to measure attributes in a reproducible and consistent manner.18
A measurement is considered to be consistent if it produces similar results over a number of occasions in a stable situation.'9 The ICC used to calculate the reliability coefficients represents the ratio of variance due to subjects compared with the total variance; thus, its most direct interpretation relates to its ability to discriminate among patients. It is directly reliant on the heterogeneity of the patients. Ninety-five percent confidence limits were calculated to determine the precision of the estimate of reliability.20 Calculating the reliability of an assessment also involves calculating the variability in an individual's score due to factors irrelevant to the purpose of the test. This variability is known as the error of measuremet~t.20~21 The standard error of measurement (SEM) was calculated from an error term that combined rater, occasion, and error variances.18
The summary statistics (means and standard deviations) for both time and rater are shown in Tables 3 and  4 . The ANOVA did not reveal any statistically significant systematic differences attributable to raters o r occasions. The overall mean scores of the raters varied from 161 to 167 points. All raters had a mean score of 40 points for the upper extremity. The sensation subsection had the greatest difference between means, a 3-point difference. The mean total scores according to occasion varied from 162 to 165 points, with the largest difference between the means in any section being 2 points.
The ICCs, confidence limits, variance components, and SEMs are shown in Table 5 . The interrater reliability for the total score was .96.
The reliability coefficients for the subsections of the Fugl-Meyer assessment varied from .61 for the pain measurements to .97 for the upperextremity items (Tab. 5). The SEM was 9 points for the total score and varied from 1 for balance to 4 for pain. Table 5 provides the maximum total score for each section as a reference point for each of the SEMs. results, we found that 92% of the patients in our study were in the first three categories (severe impairment, n=3; marked impairment, n=4, and moderate impairment, n=4). Only one patient had scores that would indicate slight motor impairment.
Dlscusslon
Overall, the reliability estimates in our study were similar to those reported by Duncan et a1 (r=.8&.99)l4 and Di Fabio and Badke (rho=.95).'5 In our study, the reliability coefficient for the upper extremity was higher than that for the lower extremity. Recovery of function often occurs faster and to a greater extent in the lower extremity than in the upper extremity. Therefore, many of the patients may have been unable to perform components - Table 4 . Rater Results of the upper-extremity assessment, reducing the possibility of rater error. Most patients were able to perform almost all of the lower-extremity items. The lower-extremity performance may have been less consistent from day to day, which may account for a relatively greater amount of residual error. The relative heterogeneity of the scores for the upper limb may account for the higher reliability coefficient for the upper extremity compared with the lower extremity.
Pain assessment was the least reliable section. This finding may be due to the natural (random) variation in pain from day to day or to variation of rater interpretation of the patients' pain. Although sensation had a reasonable degree of reliability (KC= .86), it had the greatest variance
There was very little variation in the measurements attributable to occasion. The small variances associated with rater and occasion (Tab. 5) demonstrate the absence of systematic differences related to these variables.
The main component of the assessment is motor recovery following stroke. The inclusion of sections to assess range of movement and pain allows for the assessment of impairments that may be attributed to causes other than the stroke. The impairment measures of the FuglMeyer assessment have been shown to correlate with activities of daily living (ADL) measures (r= .92). 22 This finding suggests that patients with similar scores on the impairment measures of the Fugl-Meyer assessment will also have similar scores on ADL measures. Because sensation has been noted as a predictor of sensorimotor recovery,23 assessment of this area by the Fugl-Meyer assessment increases the strength of the tool.
The SEM provides an interpretation of the magnitude of measurement error and is more appropriate than the reliability coefficient for interpreting individual scores. determine whether the change score exceeds the score that would be expected on the basis of measurement error. Given that no true change occurred 95% of the time, the score obtained by a second rater at a different point in time would be within -+26 points (13 X 1 . 9 6~2 )~~ of the score of the first rater. This difference represents about 11.5% of the maximum possible score. On the basis of this result, the Fugl-Meyer assessment is a moderately reliable tool. In our study, evaluation using the instrument involved more than one therapist; thus, both the reliability coefficients and the SEMs are conservative estimates compared with the situation of a single assessment by a therapist.
How can these results be interpreted by a therapist in a clinical setting? The results of this study indicate the reliability and the SEM that would likely be obtained among several raters with a similar patient population in a clinical setting. If two clinicians assessed a patient who was receiving active rehabilitation following a stroke (ie, similar to the patients in our sample) on different occasions using the FuglMeyer assessment and derived total scores that were 10 points apart, we would not be sure whether true change had occurred or whether the difference in scores was due to rater or residual error. Although the assessment of intrarater reliability was not part of our study, we would expect it to be equal to or greater than the interrater reliability coefficient. FuglMeyer et a12 reported scores of 13 patients they assessed on five occasions over a 12-month period. Patients' total scores from time 1 to time 5 improved from 7 to 83 points on the assessment, with the average change for the group calculated at 43.08 points (SD=29.13). If a large amount of "true" change occurs, then a SEM of 9.4 points is acceptable. If smaller change in the patient occurs, however, the magnitude of the error may be unacceptable. Error can be reduced by averaging over raters or occasions when change is not occurring. By increasing the raters or occasions on which a patient is assessed, The Fugl-Meyer assessment is well suited as a research tool because it is relatively easy to establish a high degree of reliability among several raters. In a clinical or research setting, standardization needs to be considered prior to using this assessment. A limitation of this assessment is the lack of administration guidelines. One strategy for reducing the measurement error is to standardize the administration guidelines of this assessment.
Anastasi2' suggests that separate reliability coefficients should be reported for the sample subgroups, as the coefficients obtained are more likely to be applicable to clinical practice. Our sample was too small to calculate tight confidence limits for the reliability coefficients for subgroups, but this would be a worthwhile direction for further study.
The Fugl-Meyer assessment is designed to assess motor recovery following stroke. The interrater reliability of measurements obtained with this assessment was tested by three experienced physical therapists on 12 patients in a rehabilitation population. It is a relatively simple assessment to administer and requires minimal training. The overall reliability for this instrument was high (ICC = .96), as were the reliability measurements for the subsections of this assessment, with the exception of pain. Error measured in absolute terms may be significant, however, when only small changes in the patient's level of motor performance are expected. These results would suggest that the FuglMeyer assessment is a moderately reliable measure for assessing impairment in a population of patients undergoing rehabilitation following stroke.
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